The OA-6129 group of carbapenem antibiotics were phosphorylated with ATP by Brevibacterium ammoniagenes at the primary hydroxyl group of the C-3 pantetheinyl side chain.
The phosphorylation resulted in the reduced antimicrobial activity against some Gram-positive bacteria, and the improved activity against some Gram-negative microbes.
The increased resistance of the OA-6129 carbapenems due to phosphorylation was significant to mouse renal dehydropeptidase and moderate to the human enzyme. OA-6129A and B2 phosphates were found to be unsusceptible to A933 acylase, while OA-6129A and Bwere depantothenylated.
The OA-6129 group of carbapenems1 .2) are structurally distinct from other carbapenem compounds in a pantetheinyl side chain at the C-3 position; and have been proved to be biosynthetic precursors for
PS-5, epithienamycins A and C and MM 178803,4). The presence of pantetheinyl at C-3 has provided
us with an opportunity to study the possible effects of phosphorylation on biological properties of carbapenem compounds, particularly on their antimicrobial activity and resistance to renal dehydropeptidase5 
Materials and Methods

Materials
Sodium salts of OA-6129A, OA-6129B2 and OA-6129C were prepared in our laboratories by fermentation of Streptomyces sp. OA-6129 as detailed in a previous paper1).
A933 acylase was the same preparation as previously described4) . Alkaline phosphatase (P3877) and ATP were purchased from Sigma Chemical Co.
Microorganisms
B. ammoniagenes ATCC 6871 was cultivated as described by SHIMIzu et a1.7). Microorganisms employed for the evaluation of the antimicrobial spectrum were from our culture collection.
Microbial Assays
The concentrations of carbapenem compounds were assayed by the disc-agar diffusion method using Comamonas terrigena B-9968). This detector organism was also used for bioautography .
The antimicrobial spectrum of a carbapenem compound was determined as reported in a previous Dipeptidase Assay Apparently healthy tissues of mouse, dog and human kidneys were homogenized for 3 minutes at 0°C in 5 volumes of 0.02 M phosphate buffer, pH 7.0, with a Polytron homogenizer.
The homogenates were centrifuged at 0°C for 20 minutes at 8,000 x g to give crude dipeptidase solutions. A reaction mixture containing 100 ul of a carbapenem solution (100-300 ug/ml) and 100 ul of a dipeptidase solution was incubated at 37°C for 60 minutes. After inactivation for 15 seconds at 100°C, the reaction mixture was centrifuged, and the concentration of the carbapenem remaining in the supernate was bio-assayed by C. terrigena B-996. In the control test, the dipeptidase solution was replaced by 0.01 M phosphate buffer, pH 7.0.
Paper Chromatography and High Voltage Paper Electrophoresis
The solvent system for descending paper chromatography (PC) was CH,CN -0.1 M Tris-HC1, pH 7.5 -0.1 M EDTA, pH 7.5 (120: 30: 1). High voltage paper electrophoresis (HVPE) was carried out at 0°C and 1,500 V for 40 minutes in Veronal buffer, pH 8.6.8) Carbapenem compounds on a paper chromatogram or an electrophoretogram were located by bioautography using C. terrigena B-996.
Physico-chemical Determinations
The UV spectra of OA-6129A and B2 phosphates were recorded in 0.01 M phosphate buffer, pH 7.4. 1H NMR measurements were carried out with a 90 MHz NMR spectrometer (Varian EM390) , using 2,2-dimethyl-2-silapentane-5-sulfonate (DSS) as internal standard in deuterium oxide.
Susceptibility of OA-6129A Phosphate and OA-6129B, Phosphate to Alkaline Phosphatase and A933 Acylase
The susceptibility to alkaline phosphatase was checked by incubation at pH 8.5 and 37°C for 30 minutes.
For the test of A933 acylase susceptibility, a reaction mixture composed of 20 pl of 380 pg/ml OA-6129A phosphate or 300 pg/ml OA-6129A, 10 pl of 5 mM acetyl CoA, 10 ul of A933 acylase and 10ul of 0.2 M phosphate buffer, pH 7.4, was incubated at 37°C for 2 hours and then subjected to HVPE and PC, followed by bioautography.
OA-6129B, phosphate and OA-6129B, were similarly treated.
Microbial Phosphorylation Small-scale tests were carried out under reaction conditions similar to those reported by SHIMIzu et al. 7) For preparation of OA-6129A and B9 phosphates, a reaction mixture containing 40 mg OA-6129A or OA-6129B9, 300 mg ATP (pre-adjusted to pH 7), 148 mg MgSO4.7H,O, 100 mg sodium dodecylsulfate, 20 ml of 0.5 M phosphate buffer, pH 7.1, and 100 ml of the cell suspension of B. ammoniagenes was incubated at 37°C for 3 hours. The phosphorylated carbapenem was isolated by column chromatography on QAE-Sephadex A-25 (C1), Diaion HP-20AG and Bio-Gel P-2. by this microorganism was investigated in several reaction systems (Fig. 1) . As the bacterium has an acylase activity, the air-dried cells or the cell-free extract convert OA-6129A to NS-5, while a very small amount of OA-6129A phosphate is formed. Interestingly, however, when the intact cells are employed together with a surfactant, the acylase activity is not expressed and accordingly OA-6129A is completely phosphorylated in one hour of incubation. One plausible conjecture is that sodium dodecylsulfate, a have not yet been tested, it is very likely that they are also phosphorylated under similar conditions.
Physico-chemical Properties of OA-6129A and B2 Phosphates Table 1 lists the physico-chemical properties of OA-6129A and B2 phosphates.
The phosphoryl group was located by 1H NMR at the primary hydroxyl of the C-3 pantetheinyl side chain (Fig. 3) .
Antimicrobial Activity of OA-6129A and B2 Phosphates vity to the carbapenems before and after phosphorylation . The following bacteria possessed similar sensitivities in the assay limit of 0.5 -2.0 x MIC before and after phosphorylation : Micrococcus luteus 519, Staphylococcus aureus FDA 209P, S. aureus Smith , Alcaligenes faecalis Al, Citrobacter freundii G N346*, C. terrigena B-996, Enterobacter aerogenes E19* , E. cloacae 45*, Klebsiella pneumoniae K 13, Proteus mirabilis P6, P. rettgeri P7, Providencia sp . P8, Pseudonionas aeruginosa IFO 3445*, P. aeruginosa NCTC 10490*, and Serratia marcescens T55* (* means the production of 13-lactamase) . In general, the phosphorylation has a moderate tendency to increase the antimicrobial activity of the carbapenems against Gram-negative bacteria and to decrease the activity against Gram -positive bacteria . It is well acknowledged that naturally-occurring carbapenem compounds are labile in vivo, and, more particularly, are hydrolyzed by renal dDpeptidase5). CAMPBELL11) describes that phosphates such as ATP are potent inhibitors of dipeptidase. As we have not yet succeeded in establishing enzymologically sound reaction conditions which allow us to objectively evaluate the susceptibility or resistance of a carbapenem compound to renal dipeptidase, a very primitive comparison method was employed here.
The results in Table 3 show that the improved resistances of OA-6129A and B2 phosphates are moderate to the human enzyme and significant to the mouse enzyme, whereas the dog dipeptidase is similarly active before and after phosphorylation. Medium: Heart infusion agar (Difco); inoculum size, 106 cells/ml. * ,3-Lactamase producer.
Abbreviations:
OA-A-P=OA-6129A phosphate, OA-B2-P=OA-6129B2 phosphate, OA-A=OA-6129A, OA-B=OA-6129B2, CER=cephaloridine. Susceptibility of OA-6129A and B2 Phosphates to A933 Acylase
In previous papers3,4), we have reported the isolation and enzymological characterization of A933 acylase which governs the depantothenylation and acyl exchange of the OA-6129 group of carbapenems in the absence and presence of acyl CoA. In the acyl carrier protein, CoA is linked via phosphate to the hydroxyl group of the serine moiety. Therefore the susceptibility of OA-6129A phosphate to A933 acylase was examined in the presence and absence of acetyl CoA (Fig. 4) .
Contrary to our expectation, the phosphorylation of the C-3 pantetheinyl side chain makes OA-6129A insusceptible to A933 acylase. Similar results were obtained with OA-6129B2 phosphate as substrate. 
